INTRODUCTION {#sec1-1}
============

For last few decades, considerable number of researches has been done with drug therapy and treatment strategy in respect to management of acute onset stroke. Development of stroke unit is the landmark in reducing mortality and morbidity of acute stroke patients.\[[@ref1]\] Monitoring and stabilizing the acute physiological parameters such as blood pressure, temperature, blood sugar, oxygen saturation, hydration status, and electrolyte imbalance have become a part of standard stroke management.\[[@ref2][@ref3]\] Study in respect to hydration status of the patients is not so extensive. The exact mechanism of how it affects clinical outcome in acute stroke patients is not clear. Whether there is any actual relationship of hydration status and mortality and morbidity remains controversial.\[[@ref4]\] Plasma osmolality may be a good bio-marker of hydration status of the patients.\[[@ref5]\] Moreover, with the course of the disease, there may be significant change of serum electrolytes by numerous factors like fluid therapy, diuretic use, presence of diabetes mellitus, stress hyperglycemia, etc. This electrolyte misbalances also affects plasma osmolality. For management of stroke patients with raised intracranial tension, mannitol is used widely as an osmotic agent.\[[@ref6]\] The most common complications of mannitol therapy are fluid and electrolyte imbalances.\[[@ref7]\] Thus, with mannitol therapy there may be some change in plasma osmolality. That\'s why, monitoring of plasma osmolality in stroke unit may be a useful bio-marker which will reflect the hydration status, electrolyte imbalances and any disturbances done by mannitol therapy. There are only few studies which investigated the relationship of plasma osmolality and clinical outcome in acute intra cerebral hemorrhage (ICH), but none of them used hematoma volume as a parameter influenced by plasma osmolality. This study has examined the relationship of plasma osmolality with hematoma volume and clinical outcome. The aim of our study is to measure the change of plasma osmolality with the course of the disease and how it affects the hematoma volume and short term (7 days) in-hospital clinical outcome after acute spontaneous intra cerebral hemorrhage.

MATERIALS AND METHODS {#sec1-2}
=====================

It is a prospective observational study which includes 75 patients with acute non-traumatic intra cerebral hemorrhage (ICH)-all were CT scan proved. Study was conducted among the patients admitted in Medicine and Neurology ward of Burdwan Medical College and Hospital, Burdwan, WB, India during the period January 2010-January 2011. This study was approved by the institution ethics committee. All patients were randomly selected irrespective of age and sex, presence or absence of risk factors (diabetes mellitus, hypertension, etc.)

The inclusion criteria were (a) acute onset hemorrhagic stroke presented in the hospital within 24 hour of stroke onset, (b) Non contrast CT scan of brain showed supra-tentorial hemorrhage, (c) No history of head injury and prior established neuro-deficit.

These patients were excluded from study (a) Time gap from onset of stroke to the presentation to our hospital more than 24 hour, (b) Hemorrhagic stroke due to trauma, sub-arachnoids hemorrhage, rupture aneurysm, (c) patients with brainstem and cerebellar hemorrhage (d) Patients who has prior stroke with established neuro-deficit.

After admission, clinical assessment of the patient was done in prescribed format of National Institute Health stroke scale (NIHSS). Total stroke score was taken. This NIHSS score is the most useful predictor of mortality and it provides reliable information on patient\'s short term mortality risk.\[[@ref8]\] Non contrast CT scan was done. The volume of hematoma was measured by CT scan using in built software, (This procedure involved to define a zone of interest of ICH and to define the zone of edema at multiple CT sections. Then the Analyze software provided the area in square millimeters and volume in cubic millimeters. The volume of ICH was calculated by multiplying the section thickness of the acquisition by the area). Blood samples were taken on day 1 of admission and with immediate effect these were centrifuged. Routine biochemical parameters like sodium, potassium, glucose, urea, etc. were measured by Vitros 950 (J and J). Calculated plasma osmolality was measured using the formula: 2\*(Na^+^+K^+^)+\[blood sugar/18\]+\[BUN/2.8\].\[[@ref9]\]

From day 1 onwards patients were kept in standard treatment protocol. At the end of day 7, the patient was again put in CT scan and volume of hematoma was measured as before. All the above mentioned biochemical parameters were again measured in same protocol. Patient was given stroke score at day 7 by clinical assessment using NIH stroke scale. Obviously some data are missing at day 7 because few patients died before completion of day 7. They were followed up till they are in condition of discharge from hospital. So, at the end of the study we have 75 cases on day 1 and 53 cases on day 7 with acute non-traumatic ICH with their plasma osmolality, NIHSS score and hematoma volume.

Statistical method {#sec2-1}
------------------

The quantitative data were expressed as mean (±SD) and qualitative data as frequency (%). For comparing the plasma osmolality, hematoma volume and NIHSS score at the day 1 and day 7, paired *t*-test was applied to test the change of studied variables. For investigating the correlation between plasma osmolality (both at the day 1 and day 7) and clinical outcome parameters (NIHSS score and hematoma volume), Pearson correlation coefficient was calculated and tested. To compare the plasma osmolality between patients died before day 7 and died after day 7, independent samples *t*-test was done and *P* value was calculated. Same test (independent samples *t*-test) was also used to compare plasma osmolality of the patients with high stroke score (NIHSS \>20) and low stroke score (NIHSS ≤20) both on day 1 and day 7. Statistical analysis was performed using SPSS software version 17 for Windows. Statistical significance was accepted at *P* \<0.05 (two-tailed).

RESULTS {#sec1-3}
=======

Total 75 patients were investigated after meeting inclusion and exclusion criteria. 47 (62.7%) patients were male and 28 (37.3%) were female. Their demographic and baseline characteristics are given in [Table 1](#T1){ref-type="table"}. Mean age of presentation was 65.1 (±9.9) years. Their mean plasma osmolality was 301.9 (±15.4) mOsm/Kg, mean hematoma volume was 20.6 (±12.1) cm^3^ and mean NIHSS score on admission was 19 (±8.4). Total 22 (29.3%) patients died before completion of day 7 and 8 (10.7%) patients died after day 7 within the period of follow up. 34 (45.3%) patients had high admission NIHSS (\>20) and 41 (54.7%) patients had admission NIHSS score ≤20 on. Among the survived 53 patients, changes of plasma osmolality, hematoma volume and NIHSS score from day 1 to day 7 were estimated. Osmolality was increased from 297.8 (±13.2) mOsm/Kg of day 1 to 299.4 (±16.3) mOsm/Kg of day 7. But this change was not significant (*P* value=0.434). Mean hematoma volume was increased from 15.4 (±8.9) cm^3^ of day 1 to 17.0 (±9.4) cm^3^ of day 7, this change became significant (*P* value=0.009). Mean NIHSS score was decreased from 14.8 (±6.8) on admission to 12.4 (±8.1) on day 7, this change was also significant (*P* value=0.03) \[[Table 2](#T2){ref-type="table"}\].

###### 

Patient demographic and baseline characteristics on admission (*n*=75)
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###### 

Paired sample parameters of the patients who survived on and after day 7 (*n*=53)
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In correlation study, none of the hematoma volume (neither on day 1 nor on day 7) was dependent on plasma osmolality of day 1 and day 7, all *P* value and calculated Pearson correlation were insignificant statistically. Admission plasma osmolality highly influenced the clinical outcome in term of NIHSS score both on day 1 and day 7 (*P* value=0.000 and 0.024, respectively) \[[Table 3](#T3){ref-type="table"}\]. Outcome in NIHSS score on day 7 was highly influenced by four factors -- (i) plasma osmolality on day 1 (*P* value=0.024), (ii) plasma osmolality on day 7 (*P* value=0.001), (iii) initial hematoma volume on day 1 (*P* value=0.049) and (iv) hematoma volume on day 7 (*P* value=0.01).

###### 

Correlation study among the parameters measured on day 1 and day 7
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Though none of the hematoma volume was dependent on plasma osmolality, initial hematoma volume (on day 1) had great influences on admission NIHSS score (*P* value=0.000), final NIHSS score (*P* value=0.049) and final hematoma volume (*P* value=0.000).

High plasma osmolality on admission was associated with very poor outcome. Mean admission plasma osmolality was 312.0 (±16.0) mOsm/kg for those who died before day 7 compare to 297.0 (±14.7) mOsm/kg for those who died after day 7 (*P* value=0.031). Mean admission plasma osmolality was 311.5 (±14.1) mOsm/Kg for patients with NIHSS score \>20 compare to 293.6 (±11.3) mOsm/kg for patients with NIHSS score ≤20 (*P* value=0.000) \[[Table 4](#T4){ref-type="table"}\]. Higher plasma osmolality on day 7 with mean value 307.5 (±23.4) mOsm/ Kg was also associated with higher NIHSS \>20 on day 7 (very severe stroke).

###### 

Mean value of plasma osmolality as an outcome predictor
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DISCUSSION {#sec1-4}
==========

Study on plasma osmolality in acute stroke patients is limited. This study found that admission plasma osmolality 312 mOsm/kg is associated with early death (less than 7 days) and very severe stroke. Those having plasma osmolality around 293-295 mOsm/kg have better survival. Electrolyte disturbances like hyponatremia, which affects osmolality, can lead to severe complication like convulsion and death.\[[@ref10]\] Dehydration, which is very common among acute stroke patients, increases blood viscosity by affecting plasma osmolality, thus affects cerebral hemodynamic and alters cerebral blood flow.\[[@ref11][@ref12]\] So plasma osmolality is a good predictor of stroke outcome which will encompasses all these parameters into account. NIHSS score is widely used in assessing the functional status and outcome of the stroke patients.\[[@ref13]\] We found a significant relationship between admission plasma osmolality and NIHSS score. Admission plasma osmolality is significantly higher in those patients who have NIHSS score \>20 (near 311 mOsm/kg) than those having NIHSS score ≤20 (293 mOsm/kg). This is also true for day 7. So, it can be concluded that higher plasma osmolality on admission is associated with bad outcome in acute ICH (very severe stroke) and admission plasma osmolality at least below 295 mOsm/kg is a predictor of good outcome in respect to mortality and morbidity.

There are few studies which shows that raised plasma osmolality have increased mortality and poor functional outcome. Bhalla *et al*. demonstrated that raised plasma osmolality above 296 mOsm/kg on admission was independently associated with high mortality over the period of 3 months.\[[@ref14]\] Our study found that raised plasma osmolality above 312 mOsm/kg is a predictor of high in-hospital mortality within 7 days in acute ICH. We also found that plasma osmolality below 295 mOsm/kg on admission safe. This is equivalent to the findings by Bhalla *et al*. On the other hand, in two different studies by Seo W and Oh H, plasma osmolality on admission were measured, but they have not found osmolality as physiologic predictors of hemorrhagic stroke in terms of mortality, functional disability or cognitive ability.\[[@ref15][@ref16]\] O'Neil and his colleagues also found no significant differences in plasma osmolality between mortality and survival.\[[@ref17]\] This is supported by Joynt *et al*. who found no significant difference in plasma osmolality on admission between stroke patients and control subjects.\[[@ref18]\]

But none of these studies involved hematoma volume as a parameter to see the enlargement or regression of hematoma volume with changing pattern of plasma osmolality, which is counted in this study. Mass effect of hematoma and peri-hematomal edema are commonly responsible for neurological deterioration after ICH. But exact relation between plasma osmolality and hematoma volume is yet to be established. This study found no significant relation between plasma osmolality and hematoma volume-both on admission and after treatment. But hematoma volume has significant influence on clinical outcome. Though both of the parameters e.g. hematoma volume and plasma osmolality have great influence on clinical outcome (both of these hypothesis is proved in our study), their complex interaction is not yet established. According to our study, they are not influenced by each other.

One of the major limitations of this study is discrepancy between calculated plasma osmolality and actual plasma osmolality. There may be significant difference between the two values which may prevent to reflect the actual situation.\[[@ref7]\] This is a short term in-hospital observational study. So, more number of studies on plasma osmolality and hematoma volume in ICH with long term follow up is necessary to come in a conclusion about the effect of plasma osmolality on hematoma volume. In spite of all these, from this study we can say that by measuring plasma osmolality we can predict short term in-hospital mortality and morbidity of patients with acute hemorrhagic stroke.
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